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(57) Abstract: The invention provides the novel 
amorphous rosuvastatin magnesium and process 
(1) for preparation thereof from crystalline rosuvastatin 

magnesium, rosuvastatin methyl ammonium 
salt and from rosuvastatin lactone. Rosuvastatin 
magnesium is, chemically, (3R,5S,6E)-7-[4-(4-flu- 
orophenyl)-6-(l-methylethyl)-2-[methyl(methyl- 
sulfonyl)amino]-5-pyrinudinylJ-3 : 5-dihy- 
droxy-6-heptenoic acid, magnesium salt (2:1) 
of Formula (I). Rosuvastatin magnesium is an 
antihypcrcholcstcrolcmic drug used in the treatment 
of atherosclerosis. 
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AMORPHOUS MAGNESIUM SALTS OF ROSUVASTATIN 

Field of the Invention 

This invention relates to amorphous salts of HMG CoA reductase inhibitors, and in 
particular, amorphous rosuvastatin magnesium, and processes for preparation thereof from 
crystalline rosuvastatin magnesium, rosuvastatin methyl ammonium salt and from 
rosuvastatin lactone. 

Background of the Invention 

Rosuvastatin magnesium is, chemically, (3R,5S,6E)-7-[4-(4-fluorophenyl)-6-(l- 
methyle&yl)-2-[methyl(methylsulfo 
acid, magnesium salt (2:1) of Formula I. 




Mg++ 



[2 

FORMULA I 



Rosuvastatin magnesium is an antihypercholesterolemic drug used in the treatment of 
atherosclerosis. 

The difference in the activity of different polymorphic fonns of a given drug has 
drawn the attention of many workers in recent years to undertake the studies on 
polymorphism. This has especially become very interesting since many antibiotics, 
antibacterials, tranquilizers exhibit polymorphism and particular polymorphic forms of a 
given drug can exhibit superior bioavailability and consequently show much higher 
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activity compared to other forms. The term polymorphism includes different physical 
forms, crystal forms, and crystalline / liquid crystalline / non-crystalline (amorphous) 
forms. 

It has also been disclosed that the amoiphous forms in a number of drugs can. 
5 exhibit different dissolution characteristics and in some cases, different bioavailability 
patterns compared to the crystalline form [Konne T., Chem. Pharm. Bull, 38, 2003 
(1990)]. For some therapeutic indications one bioavailability pattern may be favoured 
over another. Cefuroxime axetil is a classical example of an amorphous form exhibiting 
higher bioavailability than a crystalline form. 

1 0 US Patent No. RE373 14 describes a process for preparation of amorphous 

rosuvastatin calcium by dissolving the corresponding sodium salt in water, adding calcium 
chloride, and collecting the resultant precipitate by filtration. 

US Patent No. 6,589,959 describes a process for preparation of crystalline form A 
of rosuvastatin by warming the amorphous form of rosuvastatin calcium in a mixture of 
1 5 water and acetonitrile, cooling the resultant solution to ambient temperature and then 

filtering the product which is then dried at 50°C under vacuum to give crystalline Form A 
of rosuvastatin calcium. 

The preparation of crystalline rosuvastatin magnesium salt is described in PCT 

patent application WO 01/60804 from rosuvastatin methyl ammonium salt of Formula II. 

20 Rosuvastatin methyl ammonium salt is treated with sodium hydroxide in water to 

get free rosuvastatin acid, which is then reacted, with magnesium sulphate to get 
rosuvastatin magnesium salt, which is then isolated and dried. The dried magnesium salt is 
then heated with water and after diluting the reaction mass with water; the resultant 
solution is then allowed to stand for 66 hours followed by filtration of the crystalline 

25 magnesium salt. 



Amorphous rosuvastatin salts can be more effective pharmaceutically than the 
corresponding crystalline forms. Amorphous forms can be very difficult to isolate and can 
pose problems with respect to purity and impurity profile. Amorphous forms can also 
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have stability issued and can convert to more stable crystalline forms by absorption of 
moisture from atmosphere. 

Summary of the Invention 

The present inventors have set out to prepare heretofore unknown amorphous 
5 rosuvastatin magnesium having a high purity. In one aspect, stable amorphous 
rosuvastatin magnesium is provided. 

It has been discovered that amorphous rosuvastatin magnesium when made by the 
processes of the present invention is easy to isolate and handle, thus making the process 
amenable for commercial scale use. The purity of the amorphous rosuvastatin magnesium 
10 of the present invention is greater than 99%, with diastereomeric impurity less than 0.5%. 

Brief Description of the Drawings 

Figure 1 is an X-ray powder diffraction (XRD) pattern of amorphous rosuvastatin 
magnesium. 

Figure 2 is an X-ray powder diffraction (XRD) pattern of crystalline rosuvastatin 
1 5 magnesium. 

Figure 3 is an X-ray powder diffraction (XRD)' pattern of a mixture of largely 
amorphous mixed with some crystalline rosuvastatin magnesium. 

Figure 4 is an X-ray powder diffraction (XRD) pattern of amorphous rosuvastatin 
calcium. 

20 Figure 5 is an X-ray powder diffraction (XRD) pattern of crystalline rosuvastatin 

calcium. 

In one aspect, amorphous rosuvastatin magnesium of Formula I is provided. 



25 



The purity of the amorphous form is greater than 99%, with diastereomeric impurity less 
than 0.5%. For example, the purity is greater than 99.5%, with diastereomeric impurity 
less than 0.25%, or for example the purity is greater than 99.8%, with diastereomeric 
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impurity less than 0. 15%. Amorphous rosuvastatin magnesium substantially free of 
crystalline rosuvastatin magnesium is also provided herein. 

In another aspect, an improved process for the preparation of crystalline 
rosuvastatin magnesium from rosuvastatin methyl ammonium salt or from rosuvastatin 
lactone is provided. The process comprises 

a) treating rosuvastatin methyl ammonium salt or rosuvastatin lactone with a 
base and magnesium salt. 

b) isolating crystalline rosuvastatin magnesium from the reaction mass. 
Rosuvastatin methyl ammonium salt of Formula II 




FORMULA II 

can be prepared by the process described in PCT application WO 01/60804. Rosuvastatin 
methyl ammonium salt can be treated with a base in presence of water optionally 
containing an organic solvent. The reaction mass can then be partially concentrated to 
remove excess methylamine or ammonia liberated. The reaction mass can then be treated 
with a compound capable of generating magnesium ions, at a temperature of about 20 to 
45°C under stirring. The solution can then finally be cooled to room temperature and 
filtered to get crystalline rosuvastatin magnesium. The entire process can be carried out in- 
situ without isolating any other salt of rosuvastatin, such as sodium or calcium. As per the 
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process described in Example 9 of PCT application WO 01/60804, the product obtained 
can further be crystallized from water, which generally involves 4 hours of stirring, and 
about 66 hours of standing, followed by filtration. However, there is no need to further 
purify the crystalline rosuvastatin magnesium obtained by the process provided herein. 
5 Thus, the process of present invention is less time-consuming and simple to operate on a 
commercial scale. 

Alternatively, rosuvastatin lactone of Formula III, 




FORMULA III 

10 is treated with a base in the presence of water optionally containing an organic solvent, at 
a temperature of about 20 to 45°C till hydrolysis of lactone is completed. The organic 
solvent can be then completely or partially removed. The resultant reaction mass can then 
be treated with a compound capable of generating magnesium ions at a temperature of 
about 20 to 45°C under stirring. The solution can then finally be cooled to room 

1 5 temperature and filtered to get crystalline rosuvastatin magnesium. The entire process can 
be carried out in-situ without isolating any other salt of rosuvastatin, such as sodium or 
calchim. 



20 



The crystalline rosuvastatin magnesium obtained can have a purity above about 
99% with diastereomeric impurities less than about 0.5%, for example purity above 
99.25% with diastereomeric impurities less than 0.25%. The crystalline material can be 
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used as such for the purpose of preparing medicament and also for the preparation of 
amorphous rosuvastatin magnesium or amorphous rosuvastatin calcium. 

The base, is selected from, for example, sodium hydroxide, sodium carbonate, 
sodium bicarbonate, potassium hydroxide, potassium carbonate or potassium bicarbonate. 

5 The magnesium ions can be generated by using a magnesium compound selected 

from, for example, magnesium chloride, magnesium hydroxide, magnesium carbonate, 
magnesium acetate, magnesium sulphate, magnesium borate, magnesium tartarate, 
magnesium bromide or any other compound capable of generating magnesium ions. 

The organic solvent can comprise lower alkanols^ ethers, esters, ketones, polar 
1 0 aprotic solvents, alkyl or cycloalkyl hydrocarbons or mixtures thereof The lower alkanol 
can be, for example, methanol, ethanol, isopropanol, isobutanol, n-butanol and n-propanol. 
The ethers can be, for example, tetrahydrofuran, 1,4-dioxane, diethyl ether and diisopropyl 
ether. The esters can be, for example, ethyl formate, methyl acetate, ethyl acetate, 
isopropyl acetate, n-propyl acetate, isobutyl acetate, butyl acetate and amyl acetate. The 
1 5 ketones can be, for example, acetone, ethyl methyl ketone, methyl isobutyl ketone and 
diisobutyl ketone. Polar aprotic solvents can be, for example, N,N-dimethylformamide, 
N,N-dimethylacetamide, dimethylsulphoxide, acetonitrile and N-methylpyrrolidone. Alkyl 
or cycloalkyl hydrocarbons can be, for example, cyclopentane, cyclohexane, cycloheptane, 
hexane, petroleum ether, heptane or mixtures thereof. 

20 In another aspect, a process for preparation of crystalline rosuvastatin magnesium 

from rosuvastatin methyl ammonium salt of Formula II is provided. 

The process comprises 

a) lactonizing the rosuvastatin methyl ammonium salt of Formula II to give 
rosuvastatin lactone of Formula III; 

25 b) optionally isolating the rosuvastatin lactone of Formula III; 



c) converting the rosuvastatin lactone to the rosuvastatin magnesium by 
treatment with a base and a magnesium salt; and 
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d) recovering the crystalline rosuvastatin magnesium from the reaction mass. 



Rosuvastatin methyl ammonium salt of Formula II, 




CH 3 NH 2 + 



FORMULA II 

can be prepared by the process described in PCT application WO 01/60804. Rosuvasatin 
methyl ammonium salt can be treated with an acid (pH of about 1 to 5) to get rosuvastatin 
lactone of Formula HI 




FORMULA III 

1 0 The reaction can be carried out in presence of a first organic solvent, optionally containing 
water, at a temperature of about -10 to 100°C. After completion of the reaction, the layers 
are separated and organic layer after washing with water and/or brine can be concentrated 
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under vacuum. The residue can be taken up in a second organic solvent. The mixture can 
be stirred at a temperature of about 40 to about 150°C for about 1 to 50 hours to affect 
lactonization. After completion of lactonization, the second organic solvent can be 
removed from the reaction mass under vacuum and the residue can be treated with third 
5 organic solvent to get the rosuvastatin lactone. The residue can be taken directly to the 
next step without actually isolating the lactone. 

The acid can be, for example, an inorganic mineral acid such as hydrochloric acid, 
sulfuric acid, nitric acid, or phosphoric acid, or an organic acid such as formic acid, acetic 
acid and the like. 

1 0 The first organic solvent can be, for example, water immiscible or partially 

miscible organic solvent such as, for example, toluene, xylene, benzene, ethyl methyl 
ketone, diisobutyl ketone, methyl isobutyl ketone, methyl t-butyl ether, diisopropyl ether, 
ethyl acetate, methyl formate, methyl acetate, isobutyl acetate, n-propyl acetate, isopropyl 
acetate, amyl acetate or mixtures thereof. 

1 5 The second organic solvent can be, for example, methyl t-butyl ether, toluene, 

xylene, benzene, diisopropyl ether, n-butanol, isobutyl acetate, ethyl methyl ketone, 
diisobutyl ketone or mixtures thereof. 

The third organic solvent in which rosuvastatin is insoluble or very slightly soluble 
or sparingly soluble can be, for example, isopropanol, isobutanol, n-butanol, cyclopentane, 
20 cyclohexane, cycloheptane, hexane, petroleum ether, heptane, diethyl ether, diisopropyl 
ether or mixtures thereof. Herein, wherever the term insoluble, very slightly soluble or 
sparingly soluble is mentioned, it is in accordance with the description provided in the 
United States Pharmacopoeia 2002. 

The conversion of rosuvastatin lactone to crystalline rosuvastatin magnesium can 
25 be carried out as described above. 

In another aspect, a process for preparing amorphous rosuvastatin magnesium from 
crystalline formis provided. The process comprises 

a) dissolving the crystalline form in a suitable organic solvent; 
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b) removing solvent from the said solution; and 

c) recovering amorphous rosuvastatin magnesium. 

Crystalline rosuvastatin magnesium can be prepared by methods described above. 
The crystalline fonn can be dissolved in an organic solvent. The solvent can then be 
5 removed from the solution to get amorphous rosuvastatin magnesium. The amorphous 
rosuvastatin magnesium thus obtained can be dried using conventional drying techniques 
such as vacuum tray drying, rotary vacuum drying, fluidized bed drier, tray drying and the 
like. 

The organic solvent can be, for example, lower alkanols, ethers, esters, ketones, 
1 0 polar aprotic solvents or mixtures thereof. The lower alkanol can be, for example, 
methanol, ethanol, isopropanol and n-propanol. The ethers can be, for example, 
tetrahydrofuran and 1,4-dioxane. The esters can be, for example, ethyl formate, methyl 
acetate, ethyl acetate, isopropyl acetate, n-propyl acetate, isobutyl acetate, butyl acetate 
and amyl acetate. The ketones can be, for example, acetone, ethyl methyl ketone, methyl 
1 5 isobutyl ketone and diisobutyl ketone. Polar aprotic solvents can be, for example, N,N- 
dimethylformamide, N,N-dimethylacetamide, dimethylsulphoxide, acetonitrile and N- 
methylpyrrolidone. 

The solution of crystalline rosuvastatin magnesium can be prepared in the organic 
solvent by optional warming to dissolve the solids. If required, the solution can be 
20 clarified to remove the undissolved foreign particulate matter. The solution can then be 
concentrated to remove solvent. The concentration can be carried out under vacuum of 
about 100 to about 0.01 mm of Hg wherein the solvent is removed by vacuum distillation 
while optionally heating the solution at a temperature of about 15 to about 55°C to effect 
faster removal of the solvent. 

25 The solvent can also be removed by spray-drying the solution of crystalline 

rosuvastatin calcium using a spray-dryer. For the purpose of spray-drying, mini-spray 
Dryer (Model: Buchi 190 Switzerland) which operates on the principle of nozzle spraying 
in a parallel - flow i.e. the sprayed product and the drying gas flow in the same direction 



WO 2005/077917 



PCT/IB2005/000132 



-10- 

can be used, for example. The drying gas can be air or inert gases such as nitrogen, argon 
or carbon dioxide. 

In another aspect, a process for preparing amorphous rosuvastatin magnesium from 
crystalline form is provided. The process comprises 

5 a) dissolving the crystalline form of rosuvastatin magnesium in a suitable first 

organic solvent; 

adding a second organic solvent to the solution of rosuvastatin magnesium 
or adding the solution of rosuvastatin magnesium to the second organic 
solvent (in optional order of succession) in which rosuvastatin magnesium 
is insoluble or very slightly soluble or sparingly soluble, such that 
amorphous rosuvastatin magnesium precipitates out from the solution; and 

c) isolating the amorphous rosuvastatin magnesium from the mixture. 

Crystalline rosuvastatin magnesium can be dissolved in a first organic solvent and 
to the solution added a second solvent or added solution of rosuvastatin magnesium to the 
1 5 second organic solvent (in optional order of succession) in which rosuvastatin is insoluble 
or very slightly soluble or sparingly soluble. Due to addition of the second solvent, 
rosuvastatin magnesium precipitates out from the solution. The precipitated product can 
then be isolated and dried by conventional techniques to get the amorphous rosuvastatin 
magnesium. 

20 The suitable first organic solvent can be for example lower alkanols, ethers, esters, 

ketones, polar aprotic solvents or mixtures thereof. The lower alkanol can be, for example, 
methanol, ethanol, isopropanol and n-propanol. The ethers can be, for example, 
tetrahydrofuran and 1,4-dioxane. The esters can be, for example, ethyl formate, methyl 
acetate, ethyl acetate, isopropyl acetate, n-propyl acetate, isobutyl acetate, butyl acetate 

25 and amyl acetate. The ketones can be, for example, acetone, ethyl methyl ketone, methyl 
isobutyl ketone and diisobutyl ketone. Polar aprotic solvents can be, for example, N,N- 
dimethylformamide, N,N-dimethylacetamide, dimethylsulphoxide, acetonitrile and N- 
methylpyrrolidone. 



b) 

10 
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The second organic solvent in which rosuvastatin is insoluble (10,000 and over 
parts of solvent required for 1 part of solute as par United States Pharmacopoeia 2002) or 
very slightly soluble (form 1,000 to 10,000 parts of solvent required for 1 part of solute as 
per United States Pharmacopoeia 2002) or sparingly soluble (from 30 to 100 parts of 
5 solvent required for 1 part of solute as per United States Pharmacopoeia 2002) can be, for 
example, isopropanol, isobutanol, n-butanol, cyclopentane, cyclohexane, cycloheptane, 
hexane, petroleum ether, heptane, diethyl ether, diisopropyl ether or mixtures thereof. 

In another aspect, a process for preparation of amorphous rosuvastatin magnesium 
from crystalline rosuvastatin magnesiumis provided. The process comprises 

10 a) dissolving the crystalline rosuvastatin magnesium in a suitable organic 

solvent; 

b) adding water to the solution of rosuvastatin magnesium, or adding the 
solution of rosuvastatin magnesium to water (in optional order of 
succession), such that rosuvastatin magnesium precipitates out from the 

1 5 solution; and 

c) isolating the amorphous rosuvastatin magnesium from the mixture. 

Crystalline rosuvastatin magnesium can be dissolved in an organic solvent and the 
solution can be optionally treated with charcoal or clarified to remove foreign particulate 
matter. The clear solution can be obtained by gently warming the mixture as well. To the 
20 clear solution water can be added at such a rate that rosuvastatin magnesium precipitates 
slowly. The mixture after complete addition of water can be chilled or partially 
concentrated to remove the organic solvent. The separated amorphous form can then be 
filtered and dried as per the methods described earlier. 

The suitable organic solvent can be, for example, methanol, ethanol, isopropanol, 
25 n-propanol, tetrahydrofuran, 1,4-dioxane, acetone, NjN-dimethylformamide, N,N- 

dimethylacetamide, dimethylsulphoxide, acetonitrile and N-methylpyrrolidone or mixtures 
thereof. 
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In another aspect, a process for preparing amorphous rosuvastatin magnesium from 
crystalline form is provided. The process comprises:, 

a) subjecting crystalline rosuvastatin magnesium to milling until the 
crystalline form is converted to amorphous form; and 

5 b) optionally drying the amorphous form. 

Crystalline rosuvastatin magnesium solid or its slurry in an organic solvent can be 
milled by grinding between two surfaces. Such milling can be carried out by using a 
traditional technique of compounding using a pestle and mortar or by milling machines 
that essentially use the same principle. Examples of such milling machines include 
1 0 various makes of ball mills, roller mills, gyratory mills, and the like. The slurry of 
crystalline rosuvastatin magnesium in an organic solvent can be of 30 to 85% w/v. 

The organic solvent in which rosuvastatin is insoluble or very slightly soluble or 
sparingly soluble can be, for example, isopropanol, isobutanol, n-butanol, cyclopentane, 
cyclohexane, cycloheptane, hexane, petroleum ether, heptane, diethyl ether, diisopropyl 
1 5 ether or mixtures thereof. 

In another aspect, a process for preparing amorphous rosuvastatin magnesium from 
crystalline form is provided. The process comprises: 

a) dissolving crystalline rosuvastatin magnesium in an organic solvent 
optionally containing water; and 

20 b) freeze drying or lyophilizing the solution to get amorphous rosuvastatin 

magnesium. 

A solution of crystalline rosuvastatin magnesium in an organic solvent optionally 
containing water can be prepared and treated with charcoal, filtered to remove charcoal. 
The clear solution is then freeze-dried by conventional techniques to get the amorphous 
25 rosuvastatin magnesium. The amorphous form can then be dried under vacuum. 

The organic solvent can be, for example, lower alkanols, ethers, esters, ketones, 
polar aprotic solvents or mixtures thereof. The lower alkanol can be, for example, 
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methanol, ethanol, isopropanol and n-propanol. The ethers are selected from 
tetrahydrofuran and 1,4-dioxane. The esters can be, for example, ethyl formate, methyl 
acetate, ethyl acetate, isopropyl acetate, n-propyl acetate, isobutyl acetate, butyl acetate 
and amyl acetate. The ketones can be, for example, acetone, ethyl methyl ketone, methyl 
5 isobutyl ketone and diisobutyl ketone. Polar aprotic solvents can be, for example, N,N- 
dimethylforaiamide, N,N-dimethylacetamide, dimethylsulphoxide, acetonitrile and N- 
methylpyrrohdone. 

In another aspect, a process for preparation of amorphous rosuvastatin magnesium 
from rosuvastatin methyl ammonium salt of Formula II is provided. The process 
10 comprises: 



a) lactonizing the rosuvastatin methyl ammonium salt of Formula II; 

b) optionally isolating the rosuvastatin lactone of Formula HI; 

c) converting the lactone form of rosuvastatin to rosuvastatin magnesium by 
1 5 treatment with a base and a magnesium salt; 

d) removing the water from the reaction mass by azeotropic distillation using 
an organic solvent; and 

e) recovering the amorphous form of rosuvastatin magnesium by removing 
the organic solvent from the resultant solution. 

20 Rosuvastatin methyl ammonium salt can be converted to rosuvastatin magnesium 

as described above. However, after treating the aqueous layer with magnesium ions, to the 
reaction mass is added a suitable organic solvent capable or azeotropically removing water 
and simultaneously capable of dissolving rosuvastatin magnesium. From the resulting 
mixture, water was removed and from the solution of rosuvastatin magnesium, solvent 

25 was removed to get the desired amorphous rosuvastatin magnesium as solid. 

Alternatively after treatment with magnesium ions, to the reaction mass is added an 
organic solvent which dissolves rosuvastatin magnesium and is immiscible or partially 
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miscible with water. The solvent can be made immiscible in water by increasing the 
salinity of the aqueous layer, using for example,sodium chloride or calcium chloride. The 
layers can be separated and the organic layer containing rosuvastatin magnesium can then 
be dried, for example, over magnesium sulphate, sodium sulphate or molecular sieves to 
5 remove traces of water. The organic layer can then be concentrated to remove solvent, and 
get the desired amorphous rosuvastatin magnesium. The concentration can be effected by 
either spray drying or by vacuum distillation. 

The organic solvent can be, for example, tetrahydrofuran, 1,4-dioxane, toluene, 
xylene, dichloromethane, ethyl formate, methyl acetate, ethyl acetate, isopropyl acetate, n- 
1 0 propyl acetate, isobutyl acetate, butyl acetate, amyl acetate, ethyl methyl ketone, methyl 
isobutyl ketone and diisobutyl ketone or mixtures thereof. 

In another aspect, a process of preparation of amorphous rosuvastatin magnesium 
from crystalline form is provided. The process comprises: 

a) treating crystalline rosuvastatin magnesium with an acid to obtain 
1 5 rosuvastatin; 

b) optionally isolating rosuvastatin; 

c) converting rosuvastatin to rosuvastatin magnesium by treatment with a 
base and magnesium salt; 

d) removing water from the reaction mass by azeotropic distillation using an 
20 organic solvent; and 

e) recovering the amorphous form of rosuvastatin magnesium by removing 
the organic solvent from the resultant solution. 

Crystalline rosuvastatin magnesium can be treated with an acid to get rosuvastatin 
acid. The conversion can be easily canied out in presence of water optionally containing 
25 an organic solvent. The reaction temperature can be kept at about -5 to 100°C for example. 



The organic solvent can be, for example, lower alkanols, ethers, esters, ketones, 
polar aprotic solvents, alkyl or cycloalkyl hydrocarbons or mixtures thereof. The lower 
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alkanol can be, for example, methanol, ethanol, isopropanol, isobutanol, n-butanol and n- 
propanol. The ethers can be, for example, tetrahydrofuran, 1,4-dioxane, diethyl ether and 
diisopropyl ether. The esters can be, for example, ethyl formate, methyl acetate, ethyl 
acetate, isopropyl acetate, n-propyl acetate, isobutyl acetate, butyl acetate and amyl 
5 acetate. The ketones can be, for example, acetone, ethyl methyl ketone, methyl isobutyl 
ketone and diisobutyl ketone. Polar aprotic solvents can be, for example, N,N- 
dimethylformamide, N,N-dimethylacetamide, dimethylsulphoxide, acetonitrile and N- 
methylpyrrolidone. Alkyl or cycloalkyl hydrocarbons can be, for example, cyclopentane, 
cyclohexane, cycloheptane, hexane, petroleum ether, heptane or mixtures thereof. 

1 0 After completion of the reaction the aqueous layer can be extracted with organic 

solvent, as described above. The organic layer after evaporation of solvent under vacuum 
gives rosuvastatin acid as oily residue. The residue can be dissolved in water and organic 
solvent and treated with a base and magnesium ions to get rosuvastatin magnesium. To the 
reaction mass can be added a suitable second organic solvent capable of azeotropically 

1 5 removing water and simultaneously capable of dissolving rosuvastatin magnesium. From 
the resulting mixture water was removed and from the solution of rosuvastatin 
magnesium, solvent was removed to get the desired amorphous rosuvastatin magnesium as 
solid. 

Alternatively after treatment with magnesium ions, to the reaction mass can be 
20 added a second organic solvent which dissolves rosuvastatin magnesium and is immiscible 
or partially miscible with water. The solvent can be made immiscible in water by 
increasing the salinity of the aqueous layer using, for example, sodium chloride or calcium 
chloride. The layers are separated and the organic layer containing rosuvastatin 
magnesium is then dried over magnesium sulphate, sodium sulphate or molecular sieves to 
25 remove traces of water. The organic layer can then be concentrated to remove solvent to 
get the desired amorphous rosuvastatin magnesium. The concentration can be effected by 
either spray-drying or by vacuum distillation. 

The second organic solvent can be, for example, tetrahydrofuran, 1,4-dioxane, 
toluene, xylene, dichloromethane, ethyl formate, methyl acetate, ethyl acetate, isopropyl 
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acetate, n-propyl acetate, isobutyl acetate, butyl acetate, amyl acetate, ethyl metbyl ketone, 
methyl isobutyl ketone and diisobutyl ketone or mixtures thereof. 

The examples of base and magnesium salt are described in above. 

The acid used can be, for example, inorganic acid such as hydrochloric acid, 
5 sulphuric acid, phosphoric acid, hydrobromic acid, nitric acid and the like or a mixture 
thereof; or an organic acid, such as formic acid, acetic acid, propionic acid, anhydrides of 
carboxylic acids, methanesulphonic acid, 4~toluenesulphonic acid and the like. 

In another aspect, a process for preparation of amorphous rosuvastatin magnesium 
from rosuvastatin methyl ammonium salt of Formula II is provided. The process 
10 comprises:, 



a) treating the methyl ammonium salt form of rosuvastatin with a base and a 
calcium salt; 

b) removing the water from the reaction mass by azeotropic distillation using 
15 an organic solvent; and 

c) recovering the amorphous form of rosuvastatin calcium by removing the 
organic solvent from the resultant solution. 

Rosuvastatin methyl ammonium salt can be converted to rosuvastatin magnesium 
as described above. However, after treating the aqueous layer with magnesium ions, to the 
20 reaction mass can be added a suitable organic solvent capable of azeotropically removing 
water and simultaneously capable of dissolving rosuvastatin magnesium. From the 
resulting mixture water can be removed and from the solution of rosuvastatin calcium, 
solvent can be removed to get the desired amorphous rosuvastatin magnesium as solid. 

Alternatively after treatment with magnesium ions, to the reaction mass can be 
25 added an organic solvent which dissolves rosuvastatin magnesium and is immiscible or 
partially miscible with water. The solvent can be made immiscible in water by increasing 
the salinity of the aqueous layer using, for example, sodium chloride or calcium chloride. 
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The layers are separated and the organic layer containing rosuvastatin calcium is then 
dried over calcium chloride, sodium sulphate or molecular sieves to remove traces of 
water. The organic layer can then be concentrated to remove solvent to get the desired 
amorphous rosuvastatin magnesium. The concentration can be effected by either spray- 
5 drying or by vacuum distillation. 

The organic solvent can be, for example, tetrahydrofiiran, 1,4-dioxane, toluene, 
xylene, dichloromethane, ethyl formate, methyl acetate, ethyl acetate, isopropyl acetate, n- 
propyl acetate, isobutyl acetate, butyl acetate, amyl acetate, ethyl methyl ketone, methyl 
isobutyl ketone and diisobutyl ketone or mixtures thereof. 

10 In another aspect, a process for converting a mixture of amorphous and crystalline 

form of rosuvastatin magnesium to completely amorphous rosuvastatin magnesium is 
provided. 

A mixture of largely amorphous with some crystalline rosuvastatin magnesium can 
be prepared directly from the rosuvastatin lactone or rosuvastatin methyl ammonium salt 
15 or from the crystalline form by the process already described in the specification with little 
variations. The crystalline rosuvastatin magnesium can be converted to a mixture of 
amorphous and crystalline material by techniques described above. 

The mixture of largely amorphous rosuvastatin magnesium containing some 
crystalline form can then be converted to the amorphous form by techniques described 
20 Above. 

In another aspect, the use of amorphous rosuvastatin magnesium in the preparation 
of rosuvastatin calcium either in crystalline or in amorphous form is provided. The aspect 
further provides a process for preparation of rosuvastatin calcium from amorphous 
rosuvastatin magnesium. The process comprises 

25 a) reating amorphous rosuvastatin magnesium with a base and a calcium salt; 

and 

b) isolating rosuvastatin calcium from the reaction mass. 
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The amorphous rosuvastatin magnesium can be treated with a base in presence of 
water optionally containing an organic solvent. The resultant mass can be concentrated 
partially to remove the organic solvent, followed by addition of the solution of calcium 
salt in water under vigorous stirring at such a rate that amorphous rosuvastatin calcium 
separates out from the reaction mass slowly. After complete addition the mass can be 
further stirred at temperature of about 10 to 30°C for about 1 to about 1 0 hours and filtered 
to get amorphous rosuvastatin calcium, which can be dried, for example, under vacuum. 

The amorphous rosuvastatin calcium can then be crystallized by methods described 
in, for example, US Patent No. 6,589,959 to get crystalline rosuvastatin calcium which can 
be further converted to amorphous rosuvastatin calcium by methods described in, for 
example, co-pending Indian application 1304/DEL/2003. 

In another aspect, amorphous rosuvastatin magnesium having an X-ray diffraction 
pattern as depicted in Figure I is provided. 

In another aspect, pharmaceutical compositions and dosage forms comprising the 
amorphous rosuvastatin magnesium to be used as HMG-CoA reductase inhibitor in 
treatment of hyperlipidemia are provided. 

In another aspect, a method inhibiting HMG-CoA enzyme in treatment of 
hyperlipidemia, comprising administering to a mammal in need thereof a therapeutically 
effective amount of the amorphous rosuvastatin magnesium is provided. 

While the present invention has been described in terms of its specific 
embodiments, certain modifications and equivalents will be apparent to those skilled in the 
art and are intended to be included within the scope of the present invention. 

Example 1 : Preparation of Crystalline Rosuvastatin Magnesium from Rosuvastatin 
Methyl Ammonium Salt 

Rosuvastatin methyl ammonium salt of Formula II (10 g) was added into water (50 
ml) and to the resultant mass added a solution of aqueous sodium hydroxide (9 ml, 8% 
w/v) at 25-3 OoC and stirred for further 30 min. The solution was filtered through celite 
bed and the bed was washed with water (20 ml). The reaction mass concentrated to 
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recover water (40 ml) under vacuum at 60°C. To the reaction mass was added water (40 
ml) and the equivalent quantity of water was removed under vacuum. The final solution 
was diluted with water (50 ml). To the solution after dilution with water was added 
aqueous solution of magnesium diacetate tetrahydrate (2.5 g, 20%) at 35°C with vigorous 
5 agitation. The resultant mass was further stirred for 1 hour at room temperature and solid 
crystalline product was collected by filtration. The product was dried under vacuum at 
50°C. 

Yield: 7.8 g (80%) (XRD as per Figure 2 showed it to be crystalline material) 

HPLC Purity: 99.51% 

1 0 Diastereomeric impurity: 0.27% 

Example 2: Preparation of Crystalline Rosuvastatin Magnesium from Rosuvastatin 
Lactone 

Rosuvastatin lactone of Formula HI (5.0 g) was suspended in methanol (50 ml) and 
water (25 ml) at 25-30°C. To this mixture was added solution of aqueous sodium 

1 5 hydroxide (4.5 ml, 8% w/v) at 25-30°C and then further stirred at 35°C for 1 hour. After 
complete hydrolysis of lactone, methanol was recovered under reduced pressure at 
temperature below 45°C. To this solution was added water (15 ml) and a solution of 
magnesium diacetate tetrahydrate (1.34 g) in water (5 ml) at 35°C under vigorous 
agitation. The reaction mass was further stirred for 1 hour at 35°C and then cooled to 25- 

20 30°C. After complete precipitation of magnesium salt, it was filtered and the cake was 
washed with water (15 ml). The product was dried at 45 to 50°C. 

Yield: 4.8 g (85%) (XRD as per Figure 2 showed it to be crystalline material) 
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Example 3: Preparation Of Crystalline Rosuvastatin Magnesium From Rosuvastatin 
Methyl Ammonium Salt 

Step A) Preparation of Rosuvastatin Lactone from Rosuvastatin Methyl Ammonium 
Salt 

5 Rosuvastatin methyl ammonium salt (20 gm) was added into mixture of ethyl 

acetate (100 ml) and water (200 ml) at 25-30°C and the pH of the reaction mass was 
adjusted to about 3.0 with 6N hydrochloric acid. The layers were separated and the 
organic layer is washed with water (50 ml). The organic layer was concentrated under 
vacuum to get an oily crude product, which was mixed with toluene (50 ml). The reaction 
1 0 mass was refluxed for about 6 hours and the solvent was removed under vacuum at 60°C. 
The residue obtained was stirred with hexane (100 ml) and the separated solid was filtered. 
Dried the product under vacuum till constant weight at 40-45°C to get rosuvastatin 
lactone. 

Step B) Preparation of Crystalline Rosuvastatin Magnesium from Rosuvastatin 
1 5 Lactone 

Rosuvastatin lactone of Formula HI (5.0 g) was suspended in methanol (50 ml) and 
water (25 ml) at 25-30°C. To this mixture was added solution of aqueous sodium 
hydroxide (4.5 ml, 8% w/v) at 25-30°C and then further stirred at 35°C for 1 hour. After 
complete hydrolysis of lactone, methanol was recovered under reduced pressure at 
20 temperature below 45°C. To this solution was added water (1 5 ml) and a solution of 
magnesium diacetate tetrahydrate (1.34 g) in water (5 ml) at 35°C under vigorous 
agitation. The reaction mass was further stirred for 1 hour at 35°C and then cooled to 25- 
30°C. After complete precipitation of magnesium salt, it was filtered and the cake was 
washed with water (15 ml). The product was dried at 45 to 50°C. 

25 Yield: 4.8 g (85%) (XRD as per Figure 2 showed it to be crystalline material) 
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Rvam ple 4: Preparation of Amorphous Rosuvastatin Magnesium from Crystalline 
Rosuvastatin Magnesium By Vacuum Drying 

Crystalline Rosuvastatin magnesium (2.0 g) was dissolved in tetrahydrofuran (5 
ml) at 25-30°C. The solution was filtered through celite bed to get a clear solution of 
5 rosuvastatin magnesium in tetrahydrofuran and the celite bed was washed with 
tetrahydrofuran (2 ml). The clear solution was then concentrated and solvent was 
recovered under vacuum at 45°C to get the title product. 

Yield: L9 g (95%) (XRD as per Figure 1 showed it to be amorphous material) 

HPLC Purity: 99.41% 

1 0 Diastereomeric impurity: 0.34% 

Example 5: Preparation of Amorphous Rosuvastatin Magnesium from Crystalline 
Rosuvastatin Magnesium By Spray Drying 

Crystalline Rosuvastatin magnesium (5.0 g) was dissolved in tetrahydrofuran (25 
ml) at 25-30°C. The solution was filtered through celite bed to get a clear solution of 
1 5 rosuvastatin magnesium in tetrahydrofuran and the celite bed was washed with 

tetrahydrofuran (2 ml). The clear solution obtained was fed in to spray drier at 25-30°C at 
nitrogen flow rate of 600 Newtonlitre per hr and product was collected and dried under 
vacuum at 45°C. 

Yield: 4.5 g (90%) (XRD as per Figure 1 showed it to be amorphous material) 

20 Example 6: Preparation of Amorphous Rosuvastatin Magnesium from Crystalline 
Rosuvastatin Magnesium By Precipitation 

Crystalline Rosuvastatin magnesium (2.0 g) was dissolved in tetrahydrofuran 
(5 ml) at 25-30°C. The solution was filtered through celite bed to get a clear solution of 
rosuvastatin magnesium in tetrahydrofuran and the celite bed was washed with 
25 tetrahydrofuran (2 ml). The resultant solution was poured dropwise into cyclohexane 
(60 ml) under vigorous agitation after which the mixture was further stirred for 30 min. 
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The solid product which precipitated was filtered at 25-30°C under nitrogen and dried 
under vacuum at 45°C 

Yield: 1 .7 g (85%) (XRD as per Figure 1 showed it to be amorphous material) 

HPLC Purity: 99.27% Diastereomeric impurity: 0.41% 

5 Example 7: Preparation of Amorphous Rosuvastatin Magnesium from Crystalline 
Rosuvastatin Magnesium By Milling 

Crystalline rosuvastatin magnesium (2.0 gm) was slurried in cyclohexane (10 ml) 
and the slurry was placed in a glass mortar. The slurry was triturated with pestle till the 
crystalline form was completely converted to amorphous form. The slurry was then 
1 0 filtered and the solid was dried under vacuum at 40-45°C to get amorphous rosuvastatin 
magnesium. 

Yield: 1 .3 gm (65%) (XRD as per Figure 1 showed it to be an amorphous material) 

Example 8: Preparation of Rosuvastatin Magnesium Amorphous grom Crystalline 
Rosuvastatin Magnesium By Freeze Drying 

1 5 Crystalline rosuvastatin magnesium (1 .0 g) was dissolved in 1 ,4 dioxane (5 ml) by 

gently warming at 38°C. The solution was placed in a bath containing acetone and dry ice 
maintained at about -20 to -30°C and cooled to -20°C under rotation. The material was 
solidified by cooling and then vacuum of less than 0.1 mm of Hg was applied. The 
temperature of the bath was slowly raised from -20 to 10°C over 2 hours while under 

20 vacuum. Further temperature was raised to 10 to 25°C over 1 hour. Title compound was 
obtained was dried under vacuum at 45°C. 



Yield: 0.85 g (85%) (XRD as per Figure 1 showed it to be amorphous material) 
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Example 9: Preparation of Amorphous Rosuvastatin Magnesium from Rosuvastatin 
Methyl Ammonium Salt - >l 

Step A) Preparation of Rosuvastatin Lactone from Rosuvastatin Methyl Ammonium 
Salt 

5 Rosuvastatin methyl ammonium salt (20 gm) was added into a mixture of ethyl 

acetate (100 ml) and water (200 ml) at 25-30°C and the pH of the reaction mass was 
adjusted to about 3.0 with 6N hydrochloric acid. The layers were separated and the 
organic layer washed with water (50 ml). The organic layer was concentrated under 
vacuum to get an crude oily product, which was mixed with toluene (50 ml). The reaction 
1 0 mass was refluxed for about 6 hours and the solvent was removed under vacuum at 60°C. 
The residue obtained was stirred with hexane (100 ml) and the separated solid was filtered. 
Dried the product under vacuum to constant weight at 40-45°C to get rosuvastatin lactone. 

Step B) Preparation of Amorphous Rosuvastatin Magnesium from Rosuvastatin 
Lactone 

1 5 Rosuvastatin lactone of Formula III (5.0 g) was suspended in methanol (50 ml) and 

water (25 ml) at 25-30°C. To this mixture was added solution of aqueous sodium 
hydroxide (4.5 ml, 8% w/v) at 25-30°C and then further stirred at 35°C for 1 hour. After 
complete hydrolysis of lactone, methanol was recovered under reduced pressure at 
temperature below 45°C. To this solution was added water (15 ml) and aqueous solution 

20 of Magnesium diacetate tetrahydrate (1 .34 g, 26% w/v) was added into reaction mixture at 
35°C under vigorous agitation. Solid compound was precipitated out. Added to the slurry 
tetrahydrofuran (70 ml) and stirred for 10 minutes. Solid sodium chloride (2 g) was added 
to the reaction mass and further stirred for 25 minutes after which the layers were 
separated. The organic layer was dried over powdered molecular sieves (10 g) for 

25 sufficient period followed by filtration to remove the molecular sieves. The clear filtrate 
was concentrated under vacuum to remove remaining water azeotropically with 
tetrahydrofuran. The crude product obtained after removal of tetrahydrofuran completely 
was dissolved into fresh tetrahydrofuran (50 ml) and filtered to remove any undissolved 
particles. The organic layer was concentrated under vacuum at 45°C to remove the solvent 

30 completely to get title compound dried under vacuum at 45°C. 
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Yield: 3.5 g (70%) (XRD as per Figure 1 showed it to be amorphous material) 

Example 10: Conversion of Crystalline Rosuvastatin Magnesium to Amorphous 
Rosuvastatin Magnesium 

Crystalline rosuvastatin magnesium (10.0 g) was added into mixture of ethyl 
5 acetate (100 ml) and water (100 ml) at room temperature. The pH of the resulting solution 
was adjusted 4.0 to 4.2 by adding dilute hydrochloric acid at 25°C. The layers were 
separated and organic layer was washed with water. The solvent was concentrated under 
vacuum to get oily residue. 

The oily residue obtained above was dissolved in methanol (35 ml) and water (50 
1 0 ml) at room temperature. The pH of the solution was adjusted with sodium hydroxide (8% 
solution in water) to about 8.5 to 9.0 and the resulting reaction mass was stirred for further 
1 hour at room temperature. Methanol was removed under vacuum. The oily residue was 
reconstituted in water (50 ml) and to the aqueous solution added a solution of magnesium 
diacetate tetrahydrate (2.8 g) in water (20 ml) at 20-22°C with vigorous stirring. Solid 
1 5 compound was precipitated out. Added to the slurry tetrahydrofuran (50 ml) and stirred 
for 10 minutes. Solid sodium chloride (2 g) was added to the reaction mass and further 
stirred for 25 minutes after which the layers were separated. The organic layer was dried 
over powdered molecular sieves (10 g) for sufficient period followed by filtration to 
remove the molecular sieves. The clear filtrate was concentrated under vacuum to remove 
20 remaining water azeotropically with tetrahydrofuran. The crude product obtained after 
removal of tetrahydrofuran completely was dissolved into fresh tetrahydrofuran (50 ml) 
and filtered to remove any undissolved particles. The organic layer was concentrated 
under vacuum at 45°C to remove the solvent completely to get title compound dried under 
vacuum at 45°C. 

25 Yield: 7.8 g (78%) (XRD as per Figure 1 showed it to be amorphous material) 
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Example 1 1 : Preparation of Amorphous Rosuvastatin Magnesium from Rosuvastatin 
Methvl Ammonium Salt 

Rosuvastatin methyl ammonium salt of Formula II (10.0 g) was added into water 
(50 ml) and to it charged aqueous sodium hydroxide solution (9 ml, 8% w/v) at 25-30°C 
5 The resultant mass was stirred for 20 minutes. The mass was filtered through celite bed 
and the bed was washed with water (20 ml). From the resultant clear solution water (40 
ml) was recovered under vacuum at 60°C followed by addition of further water (40 ml). 
The mass was further concentrated to recover water (40 ml). After removal of water was 
added fresh water (40 ml) to the reaction mass. Aqueous solution of Magnesium diacetate 

1 0 tetrahydrate (2.6 g, 26% w/v) was added into reaction mixture at 35°C under vigorous 
agitation. Solid compound was precipitated out. Added to the slurry tetrahydrofiiran (50 
ml) and stirred for 10 minutes. Solid sodium chloride (2 g) was added to the reaction mass 
and further stirred for 25 minutes after which the layers were separated. The organic layer 
was dried over powdered molecular sieves (10 g) for sufficient period followed by 

1 5 filtration to remove the molecular sieves. The clear filtrate was concentrated under 
vacuum to remove remaining water azeotropically with tetrahydrofiiran. The crude 
product obtained after removal of tetrahydrofiiran completely was dissolved into fresh 
tetrahydrofiiran (50 ml) and filtered to remove any undissolved particles. The organic 
layer was concentrated under vacuum at 45 °C to remove the solvent completely to get title 

20 compound dried under vacuum at 45°C. 

Yield: 6.5 g (68%) (XRD as per Figure 1 showed it to be amorphous material) 

Example 12: Preparation of Amorphous Rosuvastatin Magnesium from Crystalline 
Rosuvastatin Magnesium 

Step A) Preparation of Mixture of Amorphous and Crystalline Rosuvastatin 
25 Magnesium 

Crystalline rosuvastatin magnesium (6.0 gm) was slurried in cyclohexane (10 ml) 
and the slurry was placed in a glass mortar. The slurry was triturated with pestle for about 
25 to 30 hours. The slurry was then filtered and the solid was dried under vacuum at 40- 
45°C to get the tile compound. 
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Yield: 5.43 gm (90%) (XRD as per Figure 3 showed it to be a mixture of amorphous and 
crystalline material) 

Step B) Conversion of Mixture of Amorphous and Crystalline Rosuvastatin 
Magnesium to Amorphous Rosuvastatin Magnesium 

5 The product obtained in step A) (2.0 g) was dissolved in tetrahydrofuran (5 ml) at 

25-30°C. The solution was filtered through celite bed to get a clear solution of rosuvastatin 
magnesium in tetrahydrofuran and the celite bed was washed with tetrahydrofuran (2 ml). 
The clear solution was then concentrated and solvent was recovered under vacuum at 45°C 
to get title product. 

1 0 Yield: 1 .9 g (95%) (XRD as per Figure 1 showed it to be amorphous material) 

Example 13: Preparation of Amorphous Rosuvastatin Calcium from Amorphous 
Rosuvastatin Magnesium 

Amorphous rosuvastatin magnesium (10.0 g) was added into mixture of ethyl 
acetate (100 ml) and water (100 ml) at room temperature. The pH of the resulting solution 
1 5 was adjusted 4.0 to 4.2 by adding dilute hydrochloric acid at 25°C. The layers were 

separated and organic layer was washed with water. The solvent was concentrated under 
vacuum to get oily residue. 

The oily residue obtained above was dissolved in methanol (35 ml) and water (50 
ml) at room temperature. The pH of the solution was adjusted with sodium hydroxide (8% 

20 w/v solution in water) to about 8.5 to 9.0 and the resulting reaction mass was stirred for 
further 1 hour at room temperature. Methanol was removed under vacuum. The oily 
residue was reconstituted in water (50 ml) and to the aqueous solution added a solution of 
calcium acetate (2.1 gm) in water (10 ml) at 20-22oC with vigorous stirring. After 
complete addition, mixture was stirred for further 2 hours at 20-22oC and filtered, washed 

25 the cake with water (20 ml) thrice and then dried at 45oC under vacuum to get amorphous 
rosuvastatin calcium. 

Yield: 7.50 gm (75%) (XRD as per Figure 4 showed it to be an amorphous material) 
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HPLC Purity: 99.52% Diastereomeric impurity: 0.27% 

Example 14: Preparation of Crystalline Rosuvastatin Calcium from Amorphous 
Rosuvastatin Calcium 

The product obtained in Example 1 3 (5.0 gm) was added to a mixture of water (50 
ml) and acetonitrile (50 ml) at 15oC. The mixture was wanned to 40oC to obtain complete 
solution. The mixture was then cooled slowly to 25-30oC and stirred for 16 hours. The 
crystalline product was separated by filtration at ambient temperature and dried at 50oC 
under vacuum to give rosuvastatin calcium as white crystals. 



Yield: 3.4 gm (68%) (XRD as per Figure 5 showed it to be crystalline material) 
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We Claim: 

1 . Amorphous rosuvastatin magnesium. 

2. Amorphous rosuvastatin magnesium having purity greater than 99% with 
diastereomeric impurity less than 0.5%. 

3. Amorphous rosuvastatin magnesium according to claim 2 having purity greater 
than 99.5% with diastereomeric impurity less than 0.25%. 

4. Amorphous rosuvastatin magnesium according to claim 3 having purity greater 
than 99.8%o with diastereomeric impurity less than 0.1 5%. 

5. Amorphous rosuvastatin magnesium substantially free of crystalline rosuvastatin 
magnesium. 

6. A process for the preparation of crystalline rosuvastatin magnesium comprising: 

a) treating rosuvastatin methyl ammonium salt or rosuvastatin lactone with a 
base and magnesium salt; and 

b) isolating crystalline rosuvastatin magnesium from the reaction mass. 
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7. A process for preparation of crystalline rosuvastatin magnesium from rosuvastatin 
methyl ammonium salt of Formula II, 




FORMULA II 

Comprising; 

a) lactonizing the rosuvastatin methyl ammonium salt of Formula II; 

b) optionally isolating the rosuvastatin lactone of Formula III; 




FORMULA m 
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c) converting the rosuvastatin lactone to the rosuvastatin magnesium hy 
treatment with a base and a magnesium salt; and 

d) recovering the crystalline rosuvastatin magnesium from the reaction mass. 

8. A process for preparing amorphous rosuvastatin magnesium comprising: 

a) dissolving crystalline rosuvastatin magnesium in an organic solvent; 

b) removing the solvent from the solution; and 

c) recovering amorphous rosuvastatin magnesium. 

9. A process for preparing amorphous rosuvastatin magnesium comprising: 

a) dissolving crystalline rosuvastatin magnesium in a first organic solvent; 

adding a second organic solvent to the solution of rosuvastatin magnesium 
or adding the solution of rosuvastatin magnesium to the second organic 
solvent (in optional order of succession) wherein rosuvastatin magnesium is 
insoluble or very slightly soluble or sparingly soluble in the second solvent, 
such that amorphous rosuvastatin magnesium precipitates; and 

c) isolating amorphous rosuvastatin magnesium. 

10. A process for preparing amorphous rosuvastatin magnesium comprising: 

a) dissolving crystalline rosuvastatin magnesium in an organic solvent; 

b) adding water to the solution of rosuvastatin magnesium, or adding the 
solution of rosuvastatin magnesium to water (in optional order of 
succession), such that rosuvastatin magnesium precipitates; and 

c) isolating amorphous rosuvastatin magnesium. 

11. A process for preparing amorphous rosuvastatin magnesium comprising: 



b) 
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a) subjecting crystalline rosuvastatin magnesium to milling until the 
crystalline form is converted to the amorphous form; and 

b) optionally drying the amorphous form. 

12. A process for preparing amorphous rosuvastatin magnesium comprising: 

a) dissolving crystalline rosuvastatin magnesium in an organic solvent 
optionally containing water; and 

b) freeze drying or lyophilizing the solution to get amorphous rosuvastatin 
magnesium. 

13. A process for preparing amorphous rosuvastatin magnesium comprising: 
a) lactonizing rosuvastatin methyl ammonium salt of Formula II; and 




FORMULA n 

b) optionally isolating the rosuvastatin lactone of Formula III; 
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c) converting the lactone form of rosuvastatin to the rosuvastatin magnesium 
by treatment with a base and a magnesium salt; 

d) removing the water from the reaction mass by azeotropic distillation using 
an organic solvent; and 

e) recovering the amorphous form of rosuvastatin magnesium by removing 
the organic solvent from the resultant solution. 

14. A process for preparing amorphous rosuvastatin magnesium comprising: 

a) treating crystalline rosuvastatin magnesium with an acid to obtain 
rosuvastatin; 

b) optionally isolating rosuvastatin; 

c) converting rosuvastatin to rosuvastatin magnesium by treatment with a base 
and magnesium salt; 

d) removing the water from the reaction mass by azeotropic distillation using 
an organic solvent; and 

e) recovering amorphous rosuvastatin magnesium by removing the organic 
solvent from the resultant solution. 
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15. A process for preparation of amorphous rosuvastatin magnesium comprising: 

a) treating rosuvastatin methyl ammonium salt with a base and a magnesium 
salt; 

b) removing water from the reaction mass by azeotropic distillation using an 
organic solvent; and 

c) recovering amorphous rosuvastatin magnesium by removing the organic 
solvent from the resultant solution. 

16. A process for preparing rosuvastatin calcium comprising: 

a) treating amorphous rosuvastatin magnesium with a base and a calcium salt; 
and 

b) isolating rosuvastatin calcium from the reaction mass. 

17. Amorphous rosuvastatin magnesium having an X-ray diffraction pattern as 
depicted in Figure 1. 

18. Pharmaceutical composition to be used as HMG-CoA reductase inhibitor in 
treatment of hyperlipidemia comprising amorphous rosuvastatin magnesium. 

19. A method for inhibiting HMG-CoA enzyme in treatment of hyperlipidemia, 
comprising administering to a mammal in need thereof a therapeutically effective 
amount of amorphous rosuvastatin magnesium. 




SUBSTITUTE SHEET (RULE 26) 



WO 2005/077917 



Intensity [cpsj 



2/5 



PCT/IB2005/000132 




SUBSTITUTE SHEET (RULE 26) 



WO 2005/077917 



3/5 



PCT/1B2005/000132 



Intensity |cps] 




J ' ■ ' > 1 . 1 



SUBSTITUTE SHEET (RULE 26) 



WO 2005/077917 



4/5 



PCT/IB2005/000132 



Intensity lepsj 




SUBSTITUTE SHEET (RULE 26) 



WO 2005/077917 



5/5 



PCT/1B2005/000132 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



international Application No 

;T/IB2005/000132 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C07D239/42 






According to International Patent Classification (IPC) or to both national dassifica 


lion and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by dassificatio 

IPC 7 C07D 


n symbols) 




Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, CHEM ABS Data, BEILSTEIN Data 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
X 


WO 01/60804 A (ASTRAZENECA AB; ASTRAZENECA 
UK LIMITED; SHI0N06I & CO., LTD; TAYLOR, 
N) 23 August 2001 (2001-08-23) 
cited in the application 
claim 15: example 10 
claims 1.11,15; example 9 


1-19 
6,7 


Y 


US 6 589 959 Bl (TAYLOR NIGEL P) 
8 July 2003 (2003-07-08) 
cited 1n the application 
column 2, lines 11-40 




. 1-19 


X 


EP 0 521 471 A (SHI0N0GI SEIYAKU KABUSHIKI 
KAISHA) 7 January 1993 (1993-01-07) 
cited in the application 
page 2, lines 12-45; claim 1; examples 1,7 
page 2, line 53 - page 4, line 15 

-/- 


1-5, 
17-19 


X Further documents are listed in the continuation ol box C. 


|)( j Patent f amfly members are listed in an nex. 


• Special categories of cited documents : ^ ^ ^ ^ lnfernatjonaJ fi5ng Mb 

J „ . „ ... , .... . or priority date and not in conflict with the application but 
•A" document defining the general state of the art which is not dJe(1 lo understand the principle or theory underlying the 

considered to be of particular relevance invention 
"E* earlier document but published on or after the international . x . docurnent 0 f particular relevance; the claimed invention 

filing date cannot be considered novel or cannot be considered to 
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken atone 

which is cited to establish the publication date of another .y. (to cum enl of particular relevance; the clalrned invention 

citation or other special reason (as specified) cannot be considered to Involve an Inventive step when the 
"O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu- 

other means ments, such combination being obvious to a person skilled 

"P" document published prior to the international filing date but to lne arl 

later than the priority date claimed document member of the same patent family 


Date of the actual completion of the international search 

30 June 2005 


Date of maDing of the international search report 

18.07.0$ 


Name and mailing address of Ihe ISA 

European Paienl Office. P.B. 5818 Patentlaan 2 
NL - 2250 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Schuemacher, A 



Four. PCT713A/2-.0 (secor.d sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



international Application No 

■TCT/IB2005/000132 



C(ContinuatJon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Caalkxi of document, with indlcairon, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 03/016317 Al (TEVA PHARMACEUTICAL 

INDUSTRIES LTD., ISRAEL; TEVA 

PHARMACEUTICALS USA,) 

27 February 2003 (2003-02-27) 

page 2, lines 15-32; claim 24; examples 

7,8 



16 



P,A 
P,X 



WO 2004/014872 Al (ASTRAZENECA UK LIMITED, 
UK) 19 February 2004 (2004-02-19) 
page 2, lines 18-30; claims 1,15 

WO 2004/108691 Al (ASTRAZENECA UK LIMITED, 
UK) 16 December 2004 (2004-12-16) 
page 15, lines 8-15; claim 1 

WO 2005/021511 Al (HETER0 DRUGS LIMITED, 
INDIA) 10 March 2005 (2005-03-10) 
claims 1,6 



16 



1-19 



1-19 



Form PCT/ISA/210 (continuation ot second sheel) (January 2004) 



t International application No. 
INTERNATIONAL SEARCH REPORT f PCT/IB2005/000132 



I 



Box II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17{2)(a) for the following reasons: 



1. [XJ Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely. 

Although claim 19 is directed to a method of treatment of the human/animal 
body, the search has been carried out and based on the alleged effects of the 
compound/compos i t i on . 

2. | I Claims Nos.: 

because they relate to parts of the. International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful international Search can be carried out, specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box III Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 



t. 



HAs ail required additional search fees were timely paid by the applicant, this International Search Report covers all 
searchable claims. 



2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required addtional search fees were timely paid by the applicant, this International Search Report 
1 — 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. | | No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest j^j The additional search fees were accompanied by the applicant's protest. 

pjff| No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004) 



international Application No. PCT/IB2005 /000132 



FURTHER INFORMATION CONTINUED FROM PCTASA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 



1. claims: l-5 r 8-15,17 

amorphous rosuvastatin magnesium salt and the process for 
its preparation 



2. claims: 6,7 

process for the preparation of crystalline rosuvastatin 
magnesium salt 



3. claim: 16 

process for the preparation of rosuvastatin calcium salt 



4. claim: 18 and 19 " 



pharmaceutical composition comprising rosuvastatin magnesium 
salt and its use as HMG-CoA reductase inhibitor in the 
treatment of hyperlipidemia 



INTERNATIONAL SEARCH REPORT 

UiTormatton on patent family members 



Application No 

T/IB2005/000132 



Patent document 




Publication 




Patent family 




Publication 


cited In search report 




date 




members) 




date 


wo oiAocod 

WU UIOUOU** 


A 


23-08-2001 


AM 
flu 


77RCAQ 

/ /oooy 


R9 


or-or-pooa 






All 

flu 


190ft401 
o£U04Ul 


A 
fl 


97— oft— 9001 

CI UO £.UUI 






bo 


1 ORORO 

iuoyoy 


A 
fl 


90— OA— 9009 






RP 


m osi7ft 

UlUOo/O 


A 
fl 


n -0^-900^ 

XI UO CXJUO 






PA 
Cfl 


99Q7ARO 


Al 
Al 


99-0R— 9001 

UO tUUl 






PN 


1 ai 01 oa 
i4ioiyo 


A 

A 


1 4-0R-9009 

iH UO cUUO 






P7 


900997R/1 
CxjXjcc/ 04 


Al 
Ao 


1 9_1 1-9009 






FF 


900900/IAR 
cUU£UU440 


A 
ft 


1R-1 9-9009 

10 XC lUUj 






FP 


1 9R971Q 

icDj/ oy 


A1 
Al 


11-1 9-9009 

11 1£ tUUe 






wo 


0160804 


Al 


23-08-2001 






HU 


0204051 


A2 


28-05-2003 






IP 

Or 


9001R9199/1 

£UUoO£OOo4 


T 
I 


oR-Oft— 9009 

UO UO cUUo 






Nfl 
nU 


9A099QR9 
£UU£0000 


A 
fl 


1 4-0ft-9009 

14 UO c\)\JC 






W7 


0£UUO£ 


A 
fl 


9fi— 09-900/1 






PI 
rL 


OOD4//I 


A 1 
fli 


9Q-or-90o/i 

£0 UO cUU4 






Ol\. 


1 1 749009 

11 1 HCuVc. 


Al 
flo 


0.4-0.9-900.1 
UI Ut tUUj 






IK 
Uo 


9ooioar71 a 
£UUoU4o/ io 


A 1 
Al 


OR-09-9009 
UO Uo <luuo 






7A 


9no90Riii 

£UU£U00Ol 


A 

A 


01-1 0—9001 
UO 1U <lUUo 


Uo Dboyyby 


Bl 


08-07-2003 


AT 
fl 1 


coeve/ 


T 
1 


1 C—1 1—900/1 
10 1 1 cUU4 






All 
flU 


7R9Q0Q 

/ o^yuy 


R9 
DC 


1 0-07—9001 
1U U/ cUUj 






A 1 1 
flU 


I00YOUU 


A 


Ol _OQ— 9000 
Ul UO <lUUU 






RP 
DK 


yyio/oo 


A 
A 


1 A— 1 0—9001 
ID— 1U c\)\JX 






r a 
LA 


£O0O£l£ 


AT 
Al 


90-07—9000 
^iu— U/ ^UUU 






pm 


1 9117RR 
looo/bO 


A 

A 


10—01—9009 
oU Ul C\)\JC 






P7 


£Uul£40U 


Al 

Ao 


1 7—1 0—9001 
1/— 1U— cUUl 






Ut 


AQQ91 QRR 

oyy^iooo 


rvi 
Ul 


1 fi_ 1 9—9004 
ID 1^ £UU4 






r r 
tt 


onm aaicq 

^uuiuuooy 


A 
A 


1 V?— 1 9—9009 
ID— lc~ cUuc 






CD 

tr 


1 1 A /I1QQ 

1 i44ooy 


A 1 

Al 


1 7—1 0—9001 

1/— iu— ^UUl 






cc 
to 


99191 Q/l 


T9 
1 O 


1 fi— OR— 900R 
ID— UO— £UUO 






MA 


UU4£Uc4 


A 1 

Al 


90—07—9000 






nr\ 


luHuyoy 


A 1 
Al 


Ofi— OR— 900R 
UD-U0~<£UU0 






ui 1 
nU 


UiU4o£0 


A9 


90—07—9009 

^y-u/-^.uu^ 






Tn 
1U 


90A99 


A 
fl 


10— Oft— 9001 
OU~UO £UU1 






JP 


2002539078 


T 


19-11-2002 






NO 


20013368 


A 


05-09-2001 








ci 9RR0 
Ol£OOU 


A 
fl 


90— Oft— 9001 






PI 

rL 


o4o/ /O 


Al 
fll 


1 7— Oft— 9009 
1/— UO— CKjKjC 






Dli 

KU 


999RAO/1 
££oD4U4 


P9 

\,C 


90-00—900/1 






or\ 


QR19001 


Al 
Ao 


01—1 9—9001 






TP 

1 K 


9A01 A1 QQA 

£Uuiuioy4 


T9 
1 C 


91 —1 9— 9001 






1 IC 


9AO/I nnooQ7 

£UU4uuyyy/ 


Al 
Al 


1 C— 01 — 900^ 
10— Ul~ ^UU4 






7 A 


90m ori 07 
^uuiuoio/ 


A 
A 


91— OO— 9009 
co uy lXJKjc 


CD AC 11 >l"71 

tr Ub£i4/1 


A 


07-01-1993 


AT 

A 1 


1 Q7 1 AQ 

iy/ i4y 


1 


1 R— 1 1 — 9000 

10-1 1— £UUU 






p a 




Al 
Al 


09-01—1 QQ1 

vc— ui — iyyo 






r v 


CCCO 


A 
A 


1 Q— O^— 9009 
10-U4 ^UUo 






nr 
Ut 


AQ991 RIO 


Ul 


90—1 1— 9000 
0U-1I— C\J\J\) 






nr 
Ut 


ro>9ii cm 
oy^oioou 


T9 
I C 


1 9— 0£—9001 
10-U0~^ULI1 






DK 


521471 


T3 


05-02-2001 






EP 


fkC 11 A "71 


A 1 

Al 


A"7 f\t 1 nn 0 






ES 


2153824 


T3 


16-03-2001 






GR 


3035189 


T3 


30-04-2001 






HK 


1011986 


Al 


13-07-2001 






HU 


220624 


Bl 


28-03-2002 






HU 


61531 


A2 


28-01-1993 






JP 


2648897 


B2 


03-09-1997 






JP 


5178841 


A 


20-07-1993 



Fcrm PCT/1SA/210 (pateni lamity annex) (January 2004) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 


International Application No 

WpuT/IB2005/000132 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



EP 0521471 



KR 
LU 
NL 
PT 
US 
US 



9605951 Bl 
91042 A9 
300125 II 
521471 T 
RE37314 El 
5260440 A 



06- 05-1996 
24-11-2003 
01-07-2003 
30-04-2001 

07- 08-2001 
09-11-1993 



WO 03016317 



Al 



27-02-2003 



WO 2004014872 Al 



19-02-2004 



US 


2002099224 


Al 


25-07-2002 


CA 


2450820 


Al 


27-02-2003 


CN 


1543468 


A 


03-11-2004 


CZ 


20040337 


A3 


12-01-2005 


EP 


1425287 


Al 


09-06-2004 


HR 


20040255 


A2 


31-08-2004 


JP 


2005500382 


T 


06-01-2005 


NZ 


529913 


A 


24-03-2005 


SK 


1402004 


A3 


03-01-2005 


TR 


200302281 


T2 


21-09-2004 


US 


2003114685 


Al 


• 19-06-2003 


US 


2004176615 


Al 


09-09-2004 


ZA 


200309373 


A 


02-12-2004 


AU 


2003251369 


Al 


25-02-2004 


CA 


2495296 Al 


19-02-2004 


EP 


1539711 Al 


15-06-2005 



WO 2004108691 


Al 


16-12-2004 


NONE 




W0 2005021511 


Al 


10-03-2005 


AU 2003269478 Al 


16-03-2005 



Form PCT/ISA/210 (patent lamily annex) (January 2004) 



